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英）以及 ZnO 纳米线阵列等新型材料微加工方面的研究。 
 
































映电极表面的pH范围，也就是说能反映不同浓度NaOH的捕捉效果。分析 1.5 M 
NaNO2 + 0.5 M KF + 0.1 M Na2C4H4O6+ X M NaOH (X=0、0.2、0.4、0.6)体系的
伏安曲线发现NaOH浓度大于 0.4 M时无还原电流，说明NO2—产生的H+与NaOH
完全反应，无法改变模板电极附近的pH值，也就是说约束效果很好。 
使用 250 μm Pt圆柱电极作为模板刻蚀Ni-Ti合金能更直观比较不同浓度
NaOH的约束效果，在 1.5 M NaNO2 + 0.5 M KF + 0.1 M Na2C4H4O6+ X M NaOH 
(X=0、0.2、0.4、0.6)体系中，随NaOH浓度的变化，加工分辨率不断提高，当NaOH
的浓度为 0.6 M时，刻蚀分辨率可达 0.5 μm。由于捕捉反应为一不可逆的均相化
学反应，电极表面的NaOH浓度会随刻蚀时间的延长而下降导致加工精度下降，
随着加工时间的延长，溶液对流加快OH—的传输，此时约束刻蚀剂层的厚度基本
不变。经过电化学实验和 250 μm Pt圆柱电极作为模板刻蚀的刻蚀实验能得到最
优化的刻蚀体系以及其它参数如电极电位、刻蚀时间等，最终利用复杂三维模板




























采用KNO2+KF＋NaOH作为熔融石英的刻蚀体系和 250 μm Pt圆柱电极作为








三、CELT 技术应用于 ZnO 纳米线阵列微加工的初探 









ZnO 纳米线，实验中采用纯的 Zn 粉末作为 Zn 源，空气作为反应气体。合成的
ZnO 形貌决定于 ZnO 的过饱和度，实验研究了空气的流速、Zn 粉末的量、硅片
的尺寸、气路、硅片的位置对 ZnO 形貌的影响。以上各个因素综合影响了在不
同位置 ZnO 的过饱和度进而影响到 ZnO 的成核和生长过程，共同决定了纳米线
的形貌。ZnO 的过饱和度过大的区域容易生长块状的 ZnO 和二次生长形成形状




























































The development of the micro-electro-mechanical systems (MEMS), 
micro-optics, microchips helps the advancement of micromachining technology that is 
the hotspot of the recent research and the core of MEMS. The requirements for a new 
approach of micromachining include the ability to fabricate complex 3D 
microstructures, high output and batch process. The Confined Etchant Layer 
Technique (CELT) as a new approach that can be applied to fabricate 3D 
microstructures was proposed by Prof. Zhao-Wu Tian et al. in 1992. CELT is a 
distance-sensitive, maskless chemical etching process, and can be applied to fabricate 
many kinds of materials including conductor, semiconductor or insulator. In the recent 
years, further analysis on the CELT theory was carried out and the related apparatus 
has been set up. Arbitrary 3D microstructures were replicated on Ni, Cu, Si, GaAs by 
CELT, which demonstrates that CELT can be applied to fabricate 3D microstructures. 
However, most of the previous works were focused on the microstructures on 
semiconductor and metal of single component. Here, this thesis concentrates on the 
micromachining on new materials including Ni-Ti alloy, fused quartz and ZnO 
nanowires array. Therefore, this thesis is divided into three main parts and abbreviated 
as follows:  
Three- dimensional micromachining on nitinol using CELT 
Nitinol is an alloy composed of near-equiatomic proportions of nickel and 
titanium. This alloy shows a very high elastic deformation and a shape memory effect, 
which are not shown by other types of conventional metallic alloys. These properties 
along with their superior ductility, fatigure strength and corrosion resistance have 
resulted in many applications in MEMS.   
According to the principle of CELT, the etching solution should normally 
include a precursor of an etchant and a scavenger. NaNO2+KF were chosen as 















added to prevent the formation of Ni(OH)2 precipitates in the base solution. Therefore, 
the etching solution contains NaNO2, KF, NaOH, Na2C4H4O6.  
Oxidation of NO2—can generate H+ and then changes the pH value of the solution 
nearby the conductive mold electrode. The thickness of confined etchant layer that is 
equal to the micromachining precision can be estimated by measuring the profile of 
pH of electrode surface. However, the profile of pH is difficult to be measured 
accurately in such a small volume. Cyclic voltammetry was employed to study the 
electrochemical behavior of the etching solution in order to choose an appropriate 
potential for the etchant generation on the electrode. The results showed that the 
electrochemical behavior especially the reductive current was strongly dependent on 
the pH value of the solution. The oxidative current of NO2— in the base solution is 
much lower than that in acid and neutral solution. Since the reduction rate of NO3— 
that has been generated by the electrooxidation of NO2- at a positive potential was 
strongly dependent on pH, the reductive current at a negative potential was also 
strongly dependent on the pH value. In a strong acid environment, the reductive 
current was increased since HNO2 was decomposed as NO+ that can catalyse the 
reduction of HNO3 in the solution. In a base environment, no reductive current was 
observed due to the absence of NO+. Therefore, the reductive current indicates the 
change of pH value of the solution near the electrode surface. The cyclic voltammetric 
curves in 1.5 M NaNO2 + 0.5 M KF + 0.1 M Na2C4H4O6+ X M NaOH (X=0、0.2、0.4、
0.6) etching solution with various concentration of NaOH show that no reductive 
current was observed when the concentration of NaOH is as high as 0.4 M.  
    A well defined Pt microcylindrical electrode with a diameter ca. 250 μm was 
used as a mold to fabricate microstructures on Ni-Ti alloy in 1.5 M NaNO2 + 0.5 M 
KF + 0.1 M Na2C4H4O6 solution with different concentration of NaOH. The results 
showed that the micromachining resolution could reach into the submicrometer range 
when the concentration of NaOH was increased to 0.6 M. The optimum etching 
solution and most suitable etching parameter were determined by both cyclic 
voltammetry and the micromachining experiments using the microcylindrical 
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